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(54) Interpolation method and receiving system for digital broadcast 



(57) In a receiving terminal (201), while a dropout of 
digital data is predicted which is caused by an instanta- 
neous interruption of digital broadcasting electromag- 
netic waves, such digital data whose dropout may be 
predicted is previously acquired via a communication 
from a broadcasting station (120), or via a broadcasting 
electromagnetic wave. Then, the acquired digital data 
is stored on the side of the receiving terminal. When a 



dropout of digital data (312) actually occurs, this 
dropped digital data is interpolated based upon previ- 
ously prepared interpolation data (322) on the side of 
the receiving terminal so as to prevent an interruption of 
the digital broadcast. When the dropout of the digital da- 
ta is predicted, it is not only predicted that the digital data 
is completely dropped, but also such a condition where 
a dangerous state is expected is predicted with margin. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a 
digital broadcast transmitting apparatus and a digital 
broadcast receiving terminal. More specifically, the 
present invention is directed to a technique capable of 
preventing an instantaneous interruption of a digital 
broadcasting program. 

[0002] Conventionally, in the case that electromag- 
netic waves are interrupted under reception of digital 
broadcasting programs and therefore digital data can- 
not be received, such a "sound interrupt" phenomenon 
may occur in which the digital broadcast program is sud- 
denly interrupted (will be referred to as a "cliff effect"). 
As a consequence, as described in JP-A-2000-216848, 
a check is made as to whether or not the discontinuity 
information is contained in the additional information in- 
cluded in the transport stream received via the digital 
interface from another electronic appliance. When such 
discontinuity information is detected from the transport 
stream, since the additional information contained in the 
transport stream is acquired, both the decoding opera- 
tion of the video data and the decoding operation of the 
audio data when the externally entered program is 
changed are quickly carried out, so that the decoded 
outputs are not interrupted. 

[0003] Also, JP-A-1 0-243366 describes the data 
broadcasting system. That is, in such a case that the 
data broadcast is interrupted due to such a reason that 
the transmission data file has not yet been delivered, 
the data file is transferred by utilizing the electromag- 
netic waves transmitted from the broadcasting station, 
and furthermore, the list of the transmission files having 
the auxiliary information which contains the file attribute 
of this data file is transferred as a separate file different 
from the data file. The data broadcast receiving/display 
apparatus employed in this data broadcasting system is 
arranged by the data broadcasting data receiving 
means, the data file storing means, the file list extracting 
means, the not-delivered file specifying means, the file 
attribute judging means, the substitution data producing 
means, and also, the substitution file producing means. 
The data broadcasting data receiving means receives 
such data broadcast containing both the data file and 
the transmission file list. The data file storing means 
stores thereinto the received data as the respective files. 
The file list extracting means extracts the file of the 
transmission files from the received files. The not-deliv- 
ered file specifying means specifies the not-deiivered 
file based upon the transmission file list and the received 
data file. The file attribute judging means judges the file 
attribute of the specified not-delivered file. The substi- 
tution data producing means produces the data contain- 
ing such information that the not-delivered file is not yet 
delivered. The substitution file producing means pro- 
duces such a substitution file by adding the same name 



as that of the not-delivered file to the substitution data 
which is produced by the substitution data producing 
means, and then, outputs this produced substitution file 
to the data file storing means. As a result, this data 

5 broadcast receiving/display apparatus can confirm the 
existence of the not-delivered data file, and also, can 
specify the file name thereof. Also, this data broadcast 
receiving/display apparatus need not separately display 
the error message, and does not bother this error mes- 

io sage. Furthermore, this data broadcast receiving/dis- 
play apparatus may have such an advantage capable 
of avoiding the occurrence of the following problem. 
That is, since the not-delivered data is tried to be ac- 
quired by repeating the retry operation, lengthy time is 

1* required so as to display both the data and the error 
message, which have already been received. 

SUMMARY OF THE INVENTION 

20 [0004] An object of the present invention is to provide 
both a digital broadcast interpolating method and a dig- 
ital broadcast receiving system, capable of realizing a 
digital broadcast without any interruption by interpolat- 
ing data with respect to a so-called "cliff effect" occurred 

25 during reception of a digital broadcast. 

[0005] In the above-described conventional tech- 
nique, in the case that after the discontinuity information 
has been detected, for instance, the picture data be- 
comes discontinued, the digital data which has been fi- 

30 nally outputted under normal condition is continuously 
outputted until the digital data may be again detected 
under normal condition. However, such a conventional 
method would cause that voice becomes unnatural with 
respect to listeners. 

35 [0006] Also, in the above-described two conventional 
tech n iq u es , after such a fact that th e broadcast data was 
not delivered has been detected, the substitution data 
is newly produced and also the data which has been 
finally outputted under normal condition is outputted. As 

<o a result, in these conventional techniques, the time de- 
lay in the data processing operations may easily occur, 
and the real-time characteristic cannot be satisfied. This 
time delay never gives pleasant feelings to the listeners 
of the digital broadcast. Thus, such a method has been 

*5 expected, by which digital data may be interpolated so 
as to output the interpolated data in real time, while lis- 
teners need not become aware of this data interpolation. 
[0007] To solve the above-described problem, in ac- 
cordance with the present Invention, while a dropout of 

50 digital data is previously predicted, the dropout-predict- 
able digital data is previously stored from a broadcasting 
station via a communication, and/or a broadcast wave 
to a terminal side. When digital data happens to occur, 
the dropped digital data is quickly interpolated at the 

55 same time on the side of the terminal, so that such a 
digital broadcast without any interruption may be real- 
ized. At this time, it is not only predicted that the digital 
data is completely dropped, but also such a condition 
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where a risk of data dropout may be expected is predict- 
ed with margin. As a result, it is possible to provide such 
a digital broadcast which may give a small amount of 
stress to listeners, while reducing such probability that 
rapid interruptions of broadcast electromagnetic waves 
suddenly occur, and thus, supplies of picture/voice to 
these listeners are stopped. 

[0008] In accordance with the present invention, even 
when a data dropout happens to occur due to an instan- 
taneous interruption, such data which has been interpo- 
lated by employing low bit rate data previously stored 
into the terminal is supplied to an output apparatus, so 
that the listeners can enjoy pleasant broadcasts without 
having unpleasant feelings caused by the data interrup- 
tion. 

[0009] Since another arrangement of the present in- 
vention is employed, while data-dropout predictable da- 
ta is previously acquired via a communication from a 
contents distributing station by predicting an occurrence 
of a dropout of a broadcast electromagnetic wave, data 
interpolation operation can be quickly carried out in such 
a case that a data dropout caused by an instantaneous 
interruption actually occurs. As a consequence, the dig- 
ital broadcast without any interruption can be provided 
to the listeners, and the comfortable digital broadcasting 
environment can be provided to the listeners. Also, 
since the data interpolating system using the communi- 
cation is employed, the digital broadcast without any in- 
terruption can be provided even under such environ- 
ments in which a mobile object is driven in a tunnel 
where broadcast waves can be hardly reached, and also 
the mobile object is sandwiched between trucks. 
[001 0] Other objects, features and advantages of the 
invention will become apparent from the following de- 
scription of the embodiments of the invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a functional structural diagram for 
showing a digital broadcasting interpolation system in 
accordance with the present invention. 
[001 2] Fig. 2 is a conceptional diagram for explaining 
process operations of the digital broadcasting interpo- 
lation system according to the present invention. 
[001 3] Fig. 3 illustratively shows a broadcasting data 
format employed in the digital broadcasting interpolation 
system according to the present invention. 
[0014] Fig, 4 is a structural diagram of an encoder of 
a contents distributing station. 
[001 5] Fig. 5 is a detailed structural diagram of a con- 
tents encoder. 

[0016] Fig. 6 is another detailed structural diagram of 
the contents encoder. 

[0017] Fig. 7 is a detailed diagram of a TS packet. 
[0018] Fig. 8 is a flow chart for describing process op- 
erations of the contents encoder with respect to non-real 
time contents. 



[0019] Fig. 9 is a flow chart for explaining process op- 
erations of the contents encoder with respect to realtime 
contents. 

[0020] Fig. 1 0 is a structural diagram for indicating a 
5 data interpolation platform according to a first embodi- 
ment of the present invention. 
[0021] Fig. 11 is a structural diagram of a decoder. 
[0022] Fig. 1 2 is a flow chart for explaining data inter- 
polation processing operations. 
10 [0023] Fig. 1 3 represents an example of a relationship 
between strengths of electromagnetic waves and wave 
dropout predictions. . 

[0024] Fig. 1 4 is a flow chart for describing data inter- 
polation process operations executed on the side of a 
« receiving terminal according to a first embodiment of the 
present invention. 

[0025] Fig. 15 is a structural diagram of a receiving 
terminal according to a second embodiment with em- 
ployment of the present invention. 

20 [0026] Fig. 1 6 is a structural diagram for representing 
a data interpolation platform in the second embodiment. 
[0027] Fig. 1 7 is a flow chart for explaining a digital 
broadcasting interpolation process operation executed 
when the communication is used in the second embod- 

25 iment. 

[0028] Fig. 18 is a structural diagram of a receiving 
terminal according to a third embodiment with employ- 
ment of the present invention. 
[0029] Fig. 19 is a detailed diagram for indicating a 

30 data interpolation platform according to a third embodi- 
ment of the present invention. 
[0030] Fig. 20 is a structural diagram for showing a 
modification of the third embodiment with employment 
of the present invention. 

35 [0031] Fig. 21 is a timing chart for explaining a data 
interpolating method. 

[0032] Fig. 22 is a diagram for indicating an encoding 
process operation of data multiplexing operation. 
[0033] Fig. 23 is a block diagram for showing a de- 
40 coding operation of multiplexed data in a receiving ter- 
minal. 

[0034] Fig. 24 is a schematic diagram for showing a 
function display screen of a digital broadcast under nor- 
mal condition. 

45 [0035] Fig. 25 is a schematic diagram for indicating a 
function display screen of the digital broadcast when an 
instantaneous interruption of the digital broadcast hap- 
pens to occur, and when the digital broadcast is recov- 
ered from the instantaneous interruption. 

50 [0036] Fig. 26 is a detailed diagram for indicating a 
data interpolation platform in a fourth embodiment of the 
present invention. 



55 



DESCRIPTION OF THE EMBODIMENTS 

[0037] Referring now to drawings, various embodi- 
ments of the present invention will be described. Fig. 1 
is a schematic diagram of a digital broadcasting inter- 
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polation service system with empioyment of the present 
invention. This digital broadcasting interpolation service 
system is arranged by a contents distributing station 
101, a ground wave digital broadcasting station 120, a 
mobile object 110 which is typically known as an auto- 5 
mobile, and contents data which is broadcasted by us- 
ing the ground wave digital broadcast. It should be noted 
that in the below-mentioned embodiment, such a serv- 
ice in the case that the ground wave digital broadcast is 
employed is described as a broadcasting means de- 10 
fined from the contents distributing station 101 up to the 
mobile object 110. However, as will be discussed later, 
this may be applied to another service with employment 
of a communication satellite, a broadcast satellite, or a 
long elliptic orbit satellite capable of performing a bidi- '5 
rectional communication. 

[0038] Next, a description will now be made of a struc- 
ture of a mobile receiving terminal 201 mounted in the 
mobile object 110, and an arrangement of the contents 
distributing station 1 01 . The contents distributing station 20 
101 is equipped with a transmitting apparatus 1805, an 
encoder 1807, a contents DB (Database) 1809, and an 
encoded contents DB 1806. The transmitting apparatus 
1 805 transmits contents by superimposing the contents 
on broadcasting waves. The encoder 1 807 encodes the 25 
contents. The contents DB 1809 stores thereinto con- 
tents which will be broadcasted. The encoded contents 
DB 1806 stores thereinto such encoded contents in 
such a manner that the encoded contents to be broad- 
casted and various data are multiplexed by a multiplex- 30 
ing apparatus 514 (not shown), and then, the multi- 
plexed contents/data are converted to obtain proper da- 
ta formatted for the broadcasting wave. These functions 
are connected to each other by way of a single bus. The 
data stored in the encoded contents DB 1809 is trans- 35 
mitted as electromagnetic waves from the contents dis- 
tributing station 1 01 via the transmitting apparatus 1 805 
in response to an instruction issued from a program 
managing unit 252 (not shown) which manages a broad- 
casting sequence of programs. The data which has 40 
been transmitted from the contents distributing station 
1 01 by using this electromagnetic wave as a medium is 
received by an antenna 1801 of the mobile receiving ter- 
minal 201 . The mobile receiving terminal 201 is provided 
with an electromagnetic wave receiver (RF receiver) 45 
1802, a field strength (strength of electromagnetic 
wave) monitoring apparatus 1 803, a digital demodulator 
1804, a data interpolation platform 1005, a decoder 106, 
picture/figure display apparatus 216, and a music repro- 
ducing unit (speaker) 2 1 7. The field strength monitoring so 
apparatus 1 803 monitors strengths of electromagnetic 
waves in a periodic manner. The digital demodulator 
1 804 derives digital data superimposed on the received 
electromagnetic waves. The data interpolation platform 
1005 executes an interpolation process operation of 55 
dropout data in such a case that a dropout happens to 
occur in the derived data. 

[0039] Next, as to a digital broadcast interpolating 



method according to a first embodiment of the present 
invention, both an interpolation idea thereof and an in- 
terpolation system thereof will now be explained with 
reference to Fig. 2 and Fig. 3. This first embodiment is 
such an example capable of realizing a digital broad- 
casting system without any interruption, while a ground 
wave digital broadcast is directed in which a frequency 
band of 5.6 MHz is subdivided into 13 segments, as 
shown in Fig. 3. In this embodiment, among these 13 
sub-divided segments, 10 sub-divided segments are 
used to transfer high bit rate data 411 whereas 3 sub- 
divided segments are employed to transfer low bit rate 
data 412. While this hierarchical transfer system is em- 
ployed, contents data having different qualities are 
transmitted between the high bit rate data 411 and the 
low bit rate data 412 by shifting time on the side of the 
contents distributing station 101 (Fig. 2). While the mo- 
bile object 1 1 0 receives the digital broadcast during mo- 
bile operation, this mobile object 1 1 0 previously predicts 
as to whether or not a data dropout may occur in the 
received data, and previously acquires such data in 
which the data dropout is predictable based upon this 
prediction. In the case that the predicted data dropout 
actually occurs, the interpolation process operation is 
quickly carried out by employing the previously acquired 
data, so that the digital broadcast without any interrup- 
tion can be realized with respect to users. To this end, 
as indicated in Fig. 2, such contents data containing the 
same contents are transmitted from the contents distrib- 
uting station as both high bit rate data 310 correspond- 
ing to high quality contents data and also low bit rate 
data 320 corresponding to low quality contents data in 
such a manner that this low bit rate data 320 may be 
stored into the terminal in advance by such time "D" rep- 
resented by a time interval 330. Then, in such a case 
that when the contents data is reproduced as the high 
bit rate data 31 0 under reception, an occurrence of data 
reception dropout may be predicted in such a data por- 
tion shown in "312", a data portion 322 which corre- 
sponds to the portion where this data dropout is predict- 
ed within the previously received low bit rate data 320 
is previously stored into a data storage area employed 
in the terminal. Even when the data dropout happens to 
occur at this data portion, the data interpolation can be 
quickly carried out 

[0040] Subsequently, a structural example of a com- 
puter system used to realize the previously explained 
digital broadcast without any interruption will now be ex- 
plained in detail. First, referring now to Fig. 4 to Fig. 8, 
the structure of the contents distributing station 101 is 
described. Fig. 4 is a structural diagram for representing 
in detail a peripheral unit of the encoder 1807 which is 
equal to an element of the contents distributing station 
of the present invention. The encoder 1 807 is constitut- 
ed by a timer 51 1 , a contents transmitting manager 51 2, 
and a contents encoder 513. Furthermore, the contents 
transmitting manager 51 2 contains both a data storage 
area 521 which stores thereinto contents encoded in a 
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low bit rate, and another data storage area 522 which load of a TS packet (will be referred to as a TS payload" 
stores thereinto contents encoded in a high bit rate. As hereinafter). Thereafter, as "dataj>yte_main 723", such 
indicated in Fig. 5, the contents encoder513 is equipped data corresponding to the conventional field of 
with a low bit rate encoder 601 which encodes contents "datajjyte." As a result, it is possible to easily manage 
in the low bit rate and a high bit rate encoder 602 which s that what data is entered into which number of transport 
encodes contents in the high bit rate. The contents stream. Thus, the indexing operation may be readily car- 
which have been encoded by the corresponding encod- tied out while the data interpolation is carried out when 
ers are stored into both the data storage area 521 for the data dropout happens to occur, 
the low-bit-rate-encoded contents, and the data storage [0042] Referring now to a flow chart of Fig. 8, a de- 
area 522 for the high-bit-rate-encoded contents. In this 10 scription is made of a sequential operation in the case 
embodiment, the contents encoder 513 is arranged by that contents data is encoded by the contents encoder 
independently employing the high bit rate encoder 602 513. Fig. 8 indicates a sequential process operation ex- 
and the low bit rate encoder 601 . It should be noted that ecuted in the case that such contents data which re- 
while either the same encoder program or the same quires no real-time characteristic is encoded. First of all, 
hardware apparatus is employed, a parameter during is in a process step 801, the above-described 
encoding operation may be changed so as to very a bit "sequentiaLcounter" corresponding to the serial 
rate, so that the contents data may be sequentially en- number is initialized to be 0. Next, a file of contents data 
coded in the high bit rate and the low bit rate. More spe- which should be encoded is loaded from the contents 
cifically, in the case that the encode system by changing DB 1 809 in a process step 802. Then, in a process step 
the parameter is employed, this encode system is suit- 20 803, the contents data is subdivided in order that a size 
able for the case that off-line contents are encoded of the subdivided content data may be fitted to the di- 
which do not require a real-time characteristic. mension of the payload of the TS packet in accordance 
[0041] Next, an actual encoding method of contents with the above-described MPEG 2000 standard. Next, 
will now be described with reference to Fig. 7. The be- in a process step 804, "1 " is set to "counterjlag" which 
low-mentioned digital broadcasting system is carried 25 corresponds to an identifier capable of recognizing such 
out in the light of the ISO/IEC international standard a fact that the serial number is entered into 
13818-1 (will be referred to as an "MPEG 2000" herein- "sequentiaLcounter." It should be understood that the 
after), while this MPEG 2000 has been standardized as value of "counterjlag" is equal to "0", or "1 When this 
the method for transmitting digital contents by superim- value is equal to "0", this value indicates that the serial 
posing the digital contents on the broadcasting waves. 30 number is not entered into the field of 
The MPEG 2000 employs such a format called as "sequentiaLcounter", whereas when this value is equal 
"MPEG2-TS" as a format used to transmit/receive to "1", this value indicates that the serial number is en- 
broadcast data. This is such a transfer method as indi- tered into the field of "sequentiaLcounter." After the val- 
cated in a transport stream 700 (will be referred to as a ue of "sequentiaLcounter" is incremented by 1 in a proc- 
"TS" hereinafter) indicated in Fig. 7, while a set of data 35 ess step 805, a check is made as to whether or not the 
is employed as one unit, and these data are constituted value of "sequentiaLcounter" is smallerthan a MAX val- 
by the following fields: Sync_byte 701 , ue which has been previously determined based upon 
transport^errorjndicator 702, payload_unit_startjndi- the size of contents in a process step 806. In general, 
cator 703, transport.priority 704, PID 705, this MAX value is determined based upon both a total 
transport_scrambling_control 706, adaptationj ield_ 40 data size of contents and a payload size. In such a case 
control 707, continuity_counter 708, data_byte 709. that the value of "sequentiaLcounter" is smaller than 
First of all, in order to realize a digital broadcast without this MAX value, in a process step 808, the respective 
any interruption, a serial number is necessarily required values of "counterjlag" and "sequentiaLcounter" and 
to be given to this TS (transport stream 700). However, the data of the contents file derived in the previous proc- 
in the above-described MPEG 2000 standard, although 45 ess step 803 are set to the TS packet, and the resultant 
both the PID and the values of "continuity_counter" may contents data is encoded by either the low bit rate en- 
be used as identifiers capable of identifying the respec- coder 601 or the high bit rate encoder 602 in accordance 
tive TSs, the numeral values of "continuity_counter" are with a bit rate of an encoding operation. Thereafter, the 
especially defined from 0 to 1 5. For instance, even when encoded contents data is stored into either the low-bit- 
the value of "continuity^counter" is changed from 4 to 6 so rate-encoded contents storage area 521 or the high-bit- 
before/after a data dropout, there is no clear method ca- rate-encoded contents storage area 522. In such a case 
pable of judging as to whether or not only 1 piece of TS that the value of "sequentiaLcounter" is larger than the 
is dropped between 4 and 6, or as to whether or not 1 7 MAX value, this value of "sequentiaLcounter" is initial- 
pieces of TSs are dropped. As a consequence, in order ized in a process step 807. In this embodiment, the initial 
to reduce such uncertainty, in accordance with this em- 55 value is set to "0." Next, a check is made as to whether 
bodiment, two fields made of "counterjlag 721" and or not the contents file which should be encoded is 
"sequentiaLcounter 722" are newly provided at a head reached to a terminal. If the contents file is not reached 
portion of "data.byte field 709" corresponding to a pay- to the terminal, then the process operations defined af- 
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ter the process step 803 are repeatedly carried out with 
respect to the portion subsequent to the contents. To the 
contrary, in the case that the contents file is reached to 
the terminal, the encoding operation is ended. 
[0043] The encoding method of the contents shown 
in Fig. 5 corresponds to such a case that the real time 
characteristic is not required with respect to the con- 
tents. On the other hand, as contents of a digital broad- 
casting system, there is a live broadcast typically known 
as a traffic jam picture and a sports relay broadcast. In 
the case that such contents representative of the live 
broadcast are encoded, the streaming distribution can 
be hardly carried out in real time by executing the en- 
coding method of Fig. 8. As a result, as represented in 
Fig. 6, a buffer 603 having a storage capacity capable 
of temporarily storing thereinto streaming data for sev- 
eral seconds is provided in the contents encoder 513, 
the streaming contents are encoded in accordance with 
a sequential operation indicated in Fig. 9. It should be 
noted that a remaining data amount storable in the buff- 
er 603 is assumed as "SZ." 

[0044] First, in a process step 901, the value of 
"sequentiaLcounter" is initialized to "0." Thereafter, the 
set buffer 603 is initialized to "null" in a process step 902. 
Next, in a process step 903, a stream file of a live broad- 
cast which is transmitted from a live camera, or the like 
via a network is fetched into the contents encoder 513. 
Next, a judgement is made as to whether or not the 
stream file is ended in a process step 904. In this case, 
when the stream file is ended, namely the live broadcast 
is accomplished, the encoding process operation is 
completed. To the contrary, in the case that the live 
broadcast is continued, the remaining data amount "SZ" 
(namely, data amount can be stored in payload buffer 
603 of TS packet shown in Fig. 6) is compared with a 
size (SZST) of the fetched stream file in a process step 
905. As a result of this comparison process, when it is 
so judged that SZ>SZST in a process step 906, since 
the set buffer 603 may still have an empty storage area, 
the encoding process operation is returned to the pre- 
vious process step 903 in which the streaming data is 
again read. To the contrary, when it is so judged that 
SZ<SZST, since the buffer 603 owns no empty storage 
area, the data which have been stored in the buffer 603 
and correspond to the amount of SZST are derived from 
the buffer 603 in such a deriving order that the data ar- 
rived at earlier stages are sequentially derived. The de- 
rived data are sequentially supplied to the contents en- 
coder 51 3 in a process step 907. Next, after the storage 
content of the buffer 603 is once cleared, the data of 
such a stream file whose size was larger than the re- 
maining data amount SZ in the process step 907 is 
stored into the buffer. 

[0045] Then, in a process step 909, the value of 
"sequentiaLcounter" is incremented by "1 ", and the val- 
ue of "counterjlag" is set to "1 ■ Thereafter, in a process 
step 910, a judgment is made as to whether or not the 
value of "sequentiaLcounter" is smaller than the previ- 



ously set MAX value. When it is so judged in the process 
step 910 that the value of "sequentiaLcounter" is small- 
er than the MAX value, the value of 
"sequentiaLcounter", the value of "counterjlag", and 

5 the encoded contents are set to the ST packet in a proc- 
ess step 912. When it is so judged in the process step 
910 that the value of "sequentiaLcounter" is larger than 
the MAX value, the value of "sequentiaLcounter" is in- 
itialized in a process step 911, and thereafter, the en- 

10 coding process operation is advanced to a process step 
912. 

[0046] The foregoing description corresponds to such 
an explanation that the contents are transmitted. The 
below-mentioned explanation is an embodiment of a 

15 mobile object receiving terminal 201 . That is, while re- 
ceiving the above-described data broadcast having the 
value of "sequentiaLcounter" contained In the TS pack- 
et, even when a data dropout happens to occur due to 
an instantaneous interruption, the contents of the data 

20 can be displayed as well as reproduced without any in- 
terruption of the data on the mobile object receiving ter- 
minal 201. 

[0047] First, a first embodiment will now be explained. 
As indicated in Fig. 1 , this mobile object receiving ter- 

25 minal 201 is provided with an antenna 1801 , an RF re- 
ceiver 1802, an field strength monitoring apparatus 
1803, a digital demodulator 1804, a data interpolation 
platform 1605, a decoder 1006, a picture/figure display 
apparatus 216, and also a music reproducing unit 

30 (speaker) 21 7. As the antenna 1 801 , a parabola anten- 
na, a Yagi antenna, a diversity antenna, and the like are 
employed which are normally used. Both the RF receiv- 
er 1 802 and the digital demodulator 1 804 correspond to 
a broadcast receiving module and a demodulator, which 

35 are normally used. As will be explained later, the decod- 
er 1 006 corresponds to such an apparatus for acquiring/ 
converting desirable data from various data such as an 
encoded picture, an encoded voice, an encoded still pic- 
ture (image), an encoded character/figure, an encoded 

40 caption, encoded map data, and encoded navigation 
data. The broadcast data which has been received/de- 
coded is connected by a signal line as shown in Fig. 1 , 
and then, is outputted from the picture/figure display ap- 
paratus 216, and the music reproducing unit (speaker) 

& 217. 

[0048] Fig. 11 schematically shows an example of a 
detailed structure of the decoder 1006. The decoder 
1006 allocates data which pass through the data inter- 
polation platform 1005 to desirable decoding process 

50 units based upon the respective contents identification 
IDs in accordance with the above-explained MPEG 
2000 standard. In this embodiment, the data are allocat- 
ed to an AV decoding process unit 1111, a character/ 
figure/still picture decoding process unit 1112, a caption 

55 character superimposing process unit 1113, and a map 
decoding process unit 1114 with respect to a sort of data, 
in addition to these processing units, another decoding 
process unit capable of decoding point of interest (POI), 
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traffic jam information expressed by binary data, and an 
alarm related to emergency information may be em- 
ployed. The data processed by the respective process- 
ing units are supplied to various output apparatus, for 
instance, drawing planes suitable for output apparatus 5 
of the respective terminals. In the decoder 1006 of this 
embodiment, the following planes are provided, namely, 
a speaker output unit 1 1 1 6, a moving picture plane 1117, 
a still picture plane 1118, a character/figure plane 1119, 
a caption plane 1120, and a map screen plane 1121. 10 
Since such information which should be simultaneously 
superimposed with each other to be outputted is mixed 
with each other, or such information which should be in- 
dependently outputted is mixed with each other among 
these planes, all of the above-described information 15 
may be manually switched in a moving picture/still pic- 
ture switching unit 115, and then, screen switching in- 
formation is judged in a moving picture/still picture/map 
screen switching plane 1122, Alternatively, ail of the 
above-explained information may be automatically 20 
judged based upon data supplied from the data interpo- 
lation platform 1005. After a synthesized screen is pro- 
duced by a screen synthesizing apparatus 1123, this 
synthesized screen is outputted to the picture/figure dis- 
play apparatus 216. 25 
[0049] Next, the data interpolation platform 1005 will 
now be explained. The data inteipolation platform 1 005 
is arranged by, as represented in Fig. 10, a splitter 1201 , 
a high bit rate data storage area 1 202, a decoder cache 
1203, a packet shortage portion judging unit 1204, and 30 
a contents merge unit 1 205, and also, a low bit rate data 
storage region 1206. The splitter 1201 splits such data 
which is produced by multiplexing data having different 
bit rates with each other in the multiplexing apparatus 
- 514 of Fig. 4 into various data every bit rate in a demul- 35 
tiplexing manner. The high bit rate data storage area 
1 202 temporarily stores thereinto the contents encoded 
in the high bit rate. The decoder cache 1 203 temporarily 
stores thereinto a necessary portion of contents which 
are encoded in the low bit rate for an interpolation pur- 40 
pose. The packet shortage portion judging unit 1 204 de- 
tects a data dropout. The contents merge unit interpo- 
lates the dropped data in the case that the occurrence 
of the data dropout is detected by the packet shortage 
portion judging unit 1 204. The low bit rate data storage 45 
area 1206 temporarily stores thereinto the contents en- 
coded in the low bit rate. Referring now to Fig. 13 and 
Fig. 1 4, such a data processing method executed by the 
terminal having such a structural arrangement will now 
be described. That is, when the data dropout happens so 
to occur due to the instantaneous interruption, this ter- 
minal executes the data processing method so as to pro- 
vide the digital broadcast without interruption to broad- 
cast listeners. 

[0050] Fig. 13 graphically represents a relationship ss 
between strength levels of electromagnetic waves and 
time, which are defined in this embodiment. As 
strengths of electromagnetic waves, three steps of lev- 



els are set, namely, a safe level n Ps" indicated by 1 601 , 
an attention level "Pc" denoted by 1602, and a danger 
level "Pd M shown by 1603. Apparently, more than these 
three levels of the field strengths (electromagnetic wave 
strengths) may be precisely set. Also, a solid line 1 604 
shown in Fig. 13 indicates a change contained in field 
strengths. As to a relationship between field strengths 
and reception conditions of a digital broadcast, the dig- 
ital broadcast can be received without any problem at 
the safe level "Ps", and the digital broadcast may be re- 
ceived without any problem even at the attention level 
"Pc." However, at the above-explained attention level 
"Pc", although the digital broadcast may be received 
without any problem at the attention level "Pc", when the 
strengths of the received electromagnetic waves are 
largely lowered at this attention level "Pc", this level in- 
dicates that the reception of the digital broadcast cannot 
be carried out. The danger level "Pd" implies such a lev- 
el that when the field strength is reached to this danger 
level, the digital broadcast cannot be completely re- 
ceived. In accordance with the data processing method 
of this embodiment, in the case that the received field 
strength of the digital broadcast becomes lower than 
1605, namely becomes the attention level, a data drop- 
out which will occur in future due to an instantaneous 
interruption is predicted. Then, such data for an interpo- 
lation purpose is previously acquired by employing the 
hierarchical transfer system for such a preparation that 
a data dropout happens to occur. 
[0051 ] A concrete processing method will now be ex- 
plained with reference to Fig. 14. First, the data sent 
from the digital demodulating unit 1 804 is separated into 
both high bit rate data and low bit rate data by the splitter 
1201, and then, the high bit rate data is stored in the 
high bit rate data storage area 1 202 and the low bit rate 
data is stored in the low bit rate data storage area 1 206. 
Thereafter, the field strength monitoring apparatus 1 003 
detects a monitored value of a field strength (strength 
of electromagnetic wave) "P" under monitor (process 
step 1 701 ). Then, a check is made as to whether or not 
the monitored field strength "P" is entered into the dan- 
ger area "Pd" in a process step 1 702. When the moni- 
tored field strength "P" is not entered into the danger 
area "Pd", this process operation is advanced to a fur- 
ther process step 1703. When the monitored field 
strength is entered into the danger area "Pd", it may be 
predicted that the data dropout already occurred due to 
the instantaneous interruption of the data reception, or 
the occurrence possibility of such datadrop becomes 
high. As a result, the interpolation process operation 
1307 (see Fig. 12) is carried out. in the case that it is 
not so judged in the process step 1703 that the field 
strength is entered into the attention area "Pc", the proc- 
ess operation is returned to the previous process step 
1701 at which the process operation is repeatedly car- 
ried out. To the contrary, when it is so judged that the 
field strength is entered into the attention area "Pc", 
since it is so predicted that the data dropout caused by 
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the instantaneous interruption will occur in future, the 
process operation is advanced to such process steps 
subsequent to a process step 1704. 
[0052] In the process step 1 704, a detection is made 
of both a PID value (xO) of broadcast contents under 
reception and a value of "sequentiaLcounter" (yO). 
Next, in a process step 1705, a retrieving operation is 
carried out as to whether or not the following low bit rate 
contents data is present. In this low bit rate contents da- 
ta, PID contained in the decoder cache 1203 is equal to 
"xO", and also the value of "sequentiaLcounter" is locat- 
ed between yO and yO+N. In this formula, symbol "N" 
indicates a predetermined offset value which is defined 
by considering contents processing time required when 
an instantaneous interruption happens to occur. Also, 
this offset value is such a value which is manually set 
when a software program is installed in a terminal. Next, 
in a process step 1 706, a check is made as to whether 
or not the above-explained dropout-predictable data is 
present in the decoder cache 1 203. When such dropout- 
predictable data is not present in the decoder cache 
1203, the data interpolation process operation is ended 
in this embodiment. 

[0053] It shou Id be understood that in the below-men- 
tioned embodiment by combining a communication 
therewith, a shortage of contents data may be acquired 
via either a portable telephone or a modem, which is 
connected to the terminal. When the above-described 
dropout-predictable data is present, such a retrieving 
operation is carried out in a process step 1 707 by check- 
ing as to whether or not this dropout-predictable data is 
not overlapped with the low bit rate data which has al- 
ready been stored in the decoder cache 1203 based up- 
on the value of "sequentiaLcounter." In the case that 
there is such data whose values of "sequentiaLcounter" 
are overlapped with each other, the content of the de- 
coder cache is cleared in a process step 1708. There- 
after, the retrieved data is stored. To the contrary, a con- 
firmation is made as to whether or not ail of data which 
should be stored can be stored into the decoder cache 
in a process step 1 709. In the case that ail of these re- 
trieved data can be stored in the decoder cache, these 
data are stored in this decoder cache in a process step 
1 71 1 . To the contrary, when ail of the retrieved data can- 
not be stored into the decoder cache, only necessary 
amounts of data which own the old values of 
"sequentiaLcounter" are deleted, and then, the re- 
trieved data are stored into this empty region of this de- 
coder cache in a process step 1710. This process op- 
eration is repeatedly carried out until an end of the con- 
tents data, or until the power supply of the terminal is 
turned OFF. 

[0054] Next, an interpolation process operation 1307 
will now be explained with reference to the flow chart of 
Fig. 12. First, when a data dropout is detected, a retriev- 
ing operation is carried out in a process step 1 402 as to 
whether or not such low bit rate data having a value of 
"sequentiaLcounter which corresponds to the dropped 



TS packet is present in the decoder cache 1203. As a 
result of this retrieving operation, when it is so confirmed 
that such low bit rate data is present in a process step 
1403, the corresponding low bit rate data is loaded in 

5 the data interpolation platform, the above-explained 
header information such as "sequentiaLcounter" and 
"counterjlag" is deleted, and thereafter, the contents 
data is derived in a process step 1404. In a process step 
1 405, this derived contents data is transferred to the de- 

10 coder. 

[0055] In the case that the existence of this data in the 
decoder cache 1 203 is not confirmed in the process step 
1403, the data interpolation only by the broadcasting 
waves is not executed. In this case, as will be explained 
*5 in a fourth embodiment, the above-explained shortage 
of data may be acquired via a communication. 
[0056] As previously described, in accordance with 
the first embodiment of the present invention, while the 
dropout of the digital data is predicted based upon the 
20 strengths of the electromagnetic waves (field strengths), 
the interpolated digital data is supplied to the output ap- 
paratus. As a consequence, the listeners can enjoy the 
digital broadcasts under comfortable conditions without 
having unpleasant feelings caused by the data interrup- 
ts tions. 

[0057] Next, a receiving terminal 201 according to a 
second embodiment of the present invention will now 
be described. In the receiving terminal 201 of this sec- 
ond embodiment, data dropouts caused by an instanta- 

30 neous interruption may be detected by a discontinuity 
of values of "sequentiaLcounter" contained in a TS 
packet. As represented in Fig. 15, the receiving terminal 
201 is arranged by an antenna 1801, an RF receiver 
1802, a digital demodulator 1804, a data interpolation 

35 platform 1005, a decoder 1006, a figure display appa- 
ratus 216, and also a music reproducing unit (speaker) 
217. As the antenna 1801, a parabola antenna, a Yagi 
antenna, a diversity antenna, and the like are employed 
which are normally used. Both the RF receiver 1 802 and 

40 the digital demodulator 1 804 correspond to a broadcast 
receiving module and a demodulator, which are normal- 
ly used. As will be explained later, the decoder 1 006 cor- 
responds to such an apparatus for acquiring/converting 
desirable data from various data such as an encoded 

45 picture, an encoded voice, an encoded still picture (im- 
age), an encoded character/figure, an encoded caption, 
encoded map data, and encoded navigation data. The 
received broadcast data is outputted from the figure dis- 
play apparatus 216 and the music reproducing unit 

^o (speaker) 217, which are connected via a signal line to 
the decoder 1006. 

[0058] Referring now to Fig. 16 and Fig. 17, a data 
processing method executed in the above-described re- 
ceiving terminal 201 having such an arrangement will 
55 be described in order that when a data dropout due to 
an instantaneous interrupt happens to occur, this receiv- 
ing terminal 201 may provide the digital broadcast with- 
out any interrupt to listeners. As previously explained, 
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in the receiving terminal of the second embodiment, the 
discontinuity of the values of "sequentiaLcounter" con- 
tained in the TS packet is judged so as to detect the data 
dropout caused by the instantaneous interrupt. As a re- 
sult, first of all, under initial condition, the value of 
"sequentiaLcounter" acquired at one preceding time in- 
stant is initialized in a process step 1301. Thereafter, a 
TS packet transmitted by the digital broadcast is ac- 
quired. At this time, while data having a high bit rate, 
namely such data which is mainly heard by a listener is 
stored into the high bit rate data storage area 1202 em- 
ployed in the data interpolation platform shown in Fig. 
16, such data which is normally employed for executing 
the interpolation, namely corresponding to the low bit 
rate data is acquired by the splitter 1201 , and thereafter, 
is stored into the low bit rate data storage area 1206 in 
order to increase access speeds when the data interpo- 
lation is carried out. Thereafter, the low bit rate data is 
stored into the decoder cache 1203. If a data access 
speed of a low bit data storage area is equal to a data 
access speed of a decoder cache, then the high bit rate 
data storage area 1 203 and the low bit rate data storage 
area 1206 may be made identical to each other. Next, 
in a process step 1 303, a PID value is acquired from the 
data which have been stored in the above-explained da- 
ta storage area in order to judge as to whether or not 
program data is switched. 

[0059] In the next process step 1304, a value of 
"sequentiaLcounter(i)" at a present time instant "i", 
which is added in the contents distributing station, is ac- 
quired from a payload portion of the TS packet. In this 
case, this value of "sequentiaLcounter(i)" is compared 
with a value of "seq uentiaLcounter(i- 1 )" which has been 
acquired before this presently-acquired value of 
"sequentiai_counter(i)", and a calculation is made as to 
whether or not a difference between these two values 
is equal to "1" in a process step 1305. When this differ- 
ence is not equal to "1" in a process step 1306, a data 
dropout may occur in the TS packet between them. As 
a consequence, a data interpolation process operation 
is carried out in the interpolation process operation 
1307. It should also be understood that contents of this 
interpolation process operation are the same as previ- 
ously explained in the first embodiment. However, in this 
interpolation process operation 1307, in such a case 
that such a confirmation is made that the low bit rate 
data corresponding to the dropped TS packet is present 
in the decoder cache in the process step 1 403, the data 
interpolation operation is not carried out by using only 
broadcast waves. In such a case, as will be discussed 
in a fourth embodiment, the above-described shortage 
of data is acquired via the communication. When the dif- 
ference between the values of "sequentiaLcounter" is 
equal to T\ a value of "sequentiaLcounter" at the 
present time instant is stored in a process step 1308. 
Thereafter, contents data is derived from the payload of 
the TS packet in a process step 1 309. In a process step 
1310, the derived contents data is stored into the con- 



tents merge unit. Next, in the decoding process unit 
1 31 1 , the contents data stored in the buffer is decoded. 
In this decoding process unit 1311, the respective con- 
tents data are transmitted to the properly selected de- 

5 coders within the above-explained decoders 1006 with 
respect to each of the sorts thereof based upon the con- 
tents IDs which are embedded in the data. In the case 
that the data stored in the buffer is smaller than the 
above-explained constant value, the process operation 

10 is returned to the previous step 1302 in which next con- 
tents data is acquired. This operation is repeatedly car- 
ried out until it is so judged that the contents are ended 
in the process step 1312. 

[0060] In accordance with the terminal for receiving 
'5 the digital broadcast according to the second embodi- 
ment, the dropout of theTS packet is judged based upon 
the values of "sequentiaLcounter" embedded in the TS 
packet, and the continuity thereof is judged by the data 
interpolation platform 1005. As a consequence, even 
20 when the data dropout due to the instantaneous inter- 
ruption of the received digital broadcast happens to oc- 
cur, since the dropped data may be interpolated by em- 
ploying the low bit rate data which have been previously 
stored in the receiving terminal, this receiving terminal 
25 may provide such a digital broadcast without any inter- 
ruption to the listeners. 

[0061] Next, as a third embodiment of the present in- 
vention, the following data interpolation will now be ex- 
plained with reference to Fig. 18 in such a manner that 
30 data which is dropped due to an instantaneous interrup- 
tion of a digital broadcast is interpolated via another 
communication medium. 

[0062] Fig. 18 is a functional structural diagram for 
schematically indicating one example of a digital broad- 

35 casting interpolation system in which a contents distrib- 
uting station 101 is connected to a mobile object 110 via 
not only a broadcast, but also a communicate appliance 
1810 using a portable telephone and a modem and so 
on, and a data interpolation is carried out via the com- 

40 munication appliance 1810. The contents distributing 
station 101 is equipped with a transmitting apparatus 
1 805, an encoded contents DB (database) 1 806, an en- 
coder 1807, a contents DB 1809, and a Web server 
1808. It should be noted that the above-described en- 

45 coded contents DB 1 806, encoder 1 807, and contents 
DB 1 809 are similar to those described in the first em- 
bodiment. Also, an on-vehicle terminal 201 is arranged 
by an antenna 1801, an RF receiver 1802, a field 
strength monitoring apparatus 1803, a data interpola- 

50 tion platform 1005, a picture/figure display apparatus 
216, a music reproducing unit (speaker) 217, and the 
communication appliance 1810. The contents distribut- 
ing station 101 owns the following different point from 
that of the above-described first embodiment. That is, 

55 while a communication network 1820 which is typically 
known as the Internet is connected the Web server 1 808 
employed in the contents distributing station 101, a bi- 
directional communication may be earned out between 
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the portable telephone 1810 and this contents distribut- 
ing station 101. The on-vehicle terminal 201 is equipped 
with the portable telephone 1 81 0. 
[0063] An arrangement of the data interpolation plat- 
form 1105 employed in the on-vehicle terminal 201 will 5 
now be explained with reference to Fig. 19. This data 
interpolation platform 1105 is equipped with a platform 
manager 1910, a communication cache 1904, and a 
broadcast cache 1902. The platform manager 1901 
owns a function capable of detecting a dropout of broad- io 
cast data, and also a function capable of interpolating 
these dropped broadcast data. The communication 
cache 1 904 caches data which is acquired via the com- 
munication. The broadcast cache 1902 caches data 
which is entered from the digital demodulator 1 804 via » 
the broadcast. Then, this data interpolation platform 
1105 is further provided with a common cache 1903 in 
which a comparing operation is furthermore carried out 
as to the above-described PID oftheTS packet and the 
value of "sequentlaLcounter", which are related to the 20 
contents of such data stored in both the communication 
cache 1 904 and the broadcast cache 1 902 (in this case, 
data stored in these caches) in order to detect as to 
whether or not digital data is dropped, and also when it 
is so detected that this digital data is dropped, the data 25 
interpolation is carried out. The communication cache 
1904 is connected to the communication appliance 
1810 which is typically known as a portable telephone 
and a modem. The data which are united by the com- 
mon cache 1 903 are supplied to an output apparatus in 30 
response to an Instruction of the platform manager 
1901. 

[0064] Next, by referring to Fig. 21 , a description will 
now be made of a detailed interpolation method capable 
of executing a digital broadcast interpolation method by 35 
employing the communication shown in Fig. 18. Since 
the process operation for predicting the data dropout 
due to the instantaneous interruption of the digital 
broadcast is similar to that of the above-explained first 
embodiment, various functions subsequent to this data 40 
dropout prediction in the below-mentioned descriptions 
will be explained. 

[0065] In the contents distributing station 101 of Fig. 
18, when a stream broadcasting operation is carried out, 
a storage history of TS packets which have been trans- 45 
mitted is previously saved in a process step 2001 of Fig. 
21. This storage history of the transmitted TS packets 
may be realized by executing such an operation that 
time required to transmit stream data from the contents 
distributing station and the value of "sequential_coun- so 
ter" of the above-described TS packet are stored in a 
storage apparatus. While the history is stored as ex- 
plained above, as indicated in a process step 2002, the 
stream data is broadcasted from the contents distribut- 
ing station with respect to the on-vehicle terminal. In this 55 
case, the broadcasted stream data is stored in the ' 
above-explained broadcast cache 1 902 provided on the 
side of the on-vehicle terminal 201 (process step 2003). 



Thereafter, in response to an instruction issued from the 
platfoim manager 1901, a judgement is made as to 
whether or not an occurrence of a dropout of received 
data is predicted based upon the information supplied 
from thefield-strength monitoring apparatus 1 803 (proc- 
ess step 2004). When the occurrence of the data drop- 
out is predictable, the predictable dropout packet is re- 
quested with respect to the contents distributing station 
100 in a communication process step 2005. A quality of 
data requested in this case may be flexibly changed in 
accordance with a busy condition of a communication 
line, and a contract condition of a digital broadcast. At 
this time, a request method may be realized by desig- 
nating the below-mentioned URL, while using a function 
(referred to as "CGI (Common Gateway Interface") of a 
general-purpose Web server: 

,, http://webserver.hogehoge,com/cgi-bin/getDa- 
ta?start_id=00000&end^id=00030" 
[0066] This URL implies as follows: Symbol N http:// 
webserver.hogehoge.com/cgi-bin 1 ' indicates an ad- 
dress of a Web server of a contents distributing station 
in which a program used to perform a data interpolation 
is located; symbol "getData" shows a program used to 
get data which should be interpolated; symbol "start jd" 
represents a starting packet number ("sequential_coun- 
ter") of the data which should be interpolated; and sym- 
bol "end jd" indicates an end packet number of the data 
which should be interpolated. As apparent from the fore- 
going description, since this is one of representations 
used to acquire the data, other representing methods, 
or other language processing systems such as Java, 
Applet, and JavaScript may be employed. 
[0067] The data which has been acquired in such a 
manner is acquired (process step 2007) via the commu- 
nication appliance 1810, and then, the acquired data is 
stored into the communication cache 1904 (process 
step 2008). Since slight time is required during this proc- 
ess operation, another judgement is made as to whether 
or not new data dropout may be predicted during this 
process operation in a process step 2009. The above- 
described process operations are repeatedly carried 
out, namely a range 2010 surrounded by a dot line in 
Fig. 21 is repeatedly carried out for a constant time du- 
ration during which contents are distributed, orfor a con- 
stant time during which the power supply of the terminal 
is turned ON. Thereafter, in response to an instruction 
issued from the platform manager 1 901 , in the case that 
the data dropout actually occurs, the data stored in the 
broadcast cache is merged with the data stored in the 
communication cache in a process step 201 1 . Then, the 
merged data is decoded by way of a process step 201 2, 
and thereafter, the decoded data is supplied to the dis- 
play apparatus. 

[0068] In accordance with the above-described on- 
vehicles terminal of the third embodiment of the present 
invention, while the data-dropout predictable data is pre- 
viously acquired via the communication from the con- 
tents distributing station by predicting the occurrence of 
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the dropout of the broadcast electromagnetic wave, the 
data interpolation operation can be quickly carried out 
in such a case that the data dropout caused by the in- 
stantaneous interruption actually occurs. As a conse- 
quence, the digital broadcast without any interruption 5 
can be provided to the listeners, and the comfortable 
digital broadcasting environment can be provided to the 
listeners. Also, since the on-vehicle terminal of the third 
embodiment is the data interpolating system using the 
communication, the digital broadcast without any inter- 10 
ruption can be provided even under such environments 
in which the mobile object is driven in a tunnel where 
broadcast waves can be hardly reached, and also the 
mobile object is sandwiched between trucks. 
[0069] It should also be noted that in the above-ex- « 
plained first embodiment, second embodiment, and 
third embodiment, the data interpolation operations 
have been independently carried out by employing only 
either the communication or the broadcast. In accord- 
ance with a fourth embodiment of the present invention, 20 
a data interpolation operation may be realized by com- 
bining these plural data input means with each other 
(Fig. 26). Fig. 26 shows a structure of a data interpola- 
tion platform 1 1 05 according to this fourth embodiment. 
As a basic structure, in the broadcast cache 1 902 of the 25 
data interpolation platform according to the third embod- 
iment shown in Fig. 1 9, it is so arranged that the process 
operation of the data interpolation platform of the em- 
bodiment 1 shown in Fig. 10 is carried out. It should also 
be understood that the process operations executed in 20 
both the packet shortage portion judging unit 1204 and 
the contents merge unit 1205 are replaced by the proc- 
ess operation executed by the platform manager 1 901 . 
[0070] In this data interpolation platform 1 1 05, first of 
all, similar to the first embodiment, in such a case that 35 
a data dropout caused by an instantaneous interruption 
of a digital broadcast may be predicted, a data interpo- 
lation operation is carried out by using the hierarchical 
transfer system of the digital broadcast. To this end, in 
response to an instruction issued from the platform man- *o 
ager 1901 , a judgement is made as to whether or not 
an occurrence of a data dropout caused by an instanta- 
neous interruption of the digital broadcast may be pre- 
dicted in a near future based upon the information de- 
rived from the above-explained field strength monitoring 
apparatus 1 803. If it is so predictable that such a data 
dropout may occur, then a check is done as to whether 
or not the above-described dropout-predictable data is 
present in the decoder cache 1203. In such a case that 
it is so predictable that the data may not be completely 50 
interpolated in accordance with this interpolation man- 
ner, namely in the case that the low bit rate encoded 
data corresponding to the dropout -predictable data can- 
not be detected, or becomes short within the decoder 
cache 1203 in the above-explained interpolation proc- 55 
ess operation 1 403 shown in Fig. 1 2, data necessary for 
the interpolation is furthermore required with respect to 
the Web server of the contents distributing station which 



stores thereinto such a program used to execute the da- 
ta interpolation operation by using the communication 
means such as the portable telephone in a similar man- 
ner to the third embodiment. The interpolation data 
which has been acquired from the contents distributing 
station in such a manner is acquired via the communi- 
cation appliance 1810 so as to be stored into the com- 
munication cache 1904. 

[0071] Since only limited amount of low bit rate data 
is stored on the side of the receiving terminal, in accord- 
ance with this fourth embodiment in which the commu- 
nication requiring the higher cost is employed in the in- 
terpolation manner, as compared with the cost for the 
digital broadcast, even when the occurrence of the data 
dropout for a long time duration may be predicted, the 
continuation time of the digital broadcast without any in- 
terruption can be increased. 
[0072] Next, a description will now be made of a data 
multiplexing operation executed in orderto realize a dig- 
ital broadcast without any interruption. In the first em- 
bodiment, the second embodiment, and the fourth em- 
bodiment, as described in the first embodiment, such a 
broadcast mode has been employed. That is, while 10 
segments are allocated to the high quality data and 3 
segments are allocated to the low quality data among 
13 segments obtained by subdividing the frequency 
band of 5.6 MHz, the contents data having the different 
qualities have been distributed. In a digital broadcast, 
more specifically, in such a digital broadcast directed to 
a mobile object, as executed in the first embodiment, if 
the broadcast service with employment of ail of these 
13 segments is performed, then the band utilization ef- 
ficiency would be lowered. Therefore, in an actual case, 
the digital broadcast directed to the mobile object is car- 
ried out by employing 1 to 3 segments. Then, when a 
music/picture data broadcast is performed with employ- 
ment of only 1 segment, such different data which are 
temporally shifted over 1 segment are required to be 
multiplexed with each other. Referring now to Fig. 22, 
an actual operation of an encoder capable of executing 
this function will be explained. 
[0073] It should be noted that such a case is assumed 
in Fig. 22 that data to be multiplexed corresponds only 
to audio data. Alternatively, picture data may be appar- 
ently multiplexed with voice data (speech data). In Fig. 
22, it is firstly assumed that audio data 2400 is subdi- 
vided in the unit of, for example, A1 to An. In the case 
that this audio data is encoded, two sorts of encoding 
operations are carried out, namely an encoding opera- 
tion is carried out in a high bit rate, and another encoding 
operation is performed in a low bit rate. Also, at the same 
time, since these audio data are processed in a packet 
manner, such headers (indicated as "AV headers" in be- 
low-mentioned explanation) are added to the high bit 
rate data 2401 and the low bit rate data 2402. These AV 
headers correspond to reference numerals 701 to 708, 
721, and 722 shown in Fig. 7. It should also be noted 
that the data which are encoded in the high bit rate are 
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expressed as "A1" to "An", and the data which are en- 
coded in the low bit rate are expressed as "A1 ,M to "An'." 
In order to realize such a digital broadcast without sub- 
stantially no interruption, low bit rate data which have 
been temporally shifted by a preset time delay "K" are 
transmitted in advance so as to execute a data multi- 
plexing operation. This operation condition is indicated 
by reference numeral 2403 of Fig. 22. This multiplexed 
data is superimposed on a digital broadcasting wave so 
as to be broadcasted to the receiving terminal. In Fig. 
22, it should be understood that the portion of "An" cor- 
responds to "datajDytejnain" 723, and the 
N Psude_PES" header corresponds to both "coun- 
ter Jlag" 721 and H sequential_counter" 722. 
[0074] Next, a decoding operation of the receiving ter- 
minal when such digital data is received will now be ex- 
plained with reference to Fig. 23. In Fig. 23, the data 
which has been multiplexed in Fig. 22 is first received 
by a packet receiver 2501 , and thereafter, this received 
data is supplied to a data separating machine 2502. In 
this data separating machine 2502, both the high bit rate 
data and the low bit rate data, which have been multi- 
plexed as indicated in Fig. 22, are separated into both 
a main stream 2503 and a substream 2504. In this case, 
the main stream 2503 implies such data normally having 
a high bit rate, and data which is mainly reproduced, 
whereas the sub-stream 2504 implies such data normal- 
ly having a low bit rate, and data which is used for an 
interpolation operation. A data selector 2505 monitors 
such information (for example, "sequentiaLcounter" 
shown in Fig. 7) indicative of time counts which are con- 
tained in headers of these high/low bit rate data, and 
detects as to whether or not the data of the main stream 

2503 arrive without any interruption. In this case, when 
the supply of the data of the main stream 2503 are in- 
terrupted, the data selector 2505 judges as to whether 
or not such data of the substream 2504 which corre- 
sponds to the dropped data of the main stream is 
present among the data of the sub-stream 2504 which 
have arrived earlier than the data of the main stream 
2503. Now, in such a case that the data of the substream 

2504 corresponding to this dropped data is present, the 
data selector 2505 supplies to a decoder 2506, such da- 
ta which is obtained by interpolating the dropped portion 
in the main stream by employing this low bit rate data. 
To the contrary, when no such a data dropout appears, 
the data selector 2505 continuously supplies the data of 
the main stream to the decoder 2506, and then, these 
data are reproduced by a player 2507. The data of the 
sub-stream 2504 will expire when the reproduction of 
the corresponding data of the main stream 2503 is ac- 
complished. 

[0075] Function display screens of digital broadcasts 
without any interruptions using the inventive idea of the 
present invention will now be explained with reference 
to Fig. 24 and Fig. 25. Fig. 24 illustratively shows an 
example of a screen display as to a digital broadcast 
without any interruption, especially, as to a digital radio 



without any interruption. This function display screen is 
not normally displayed on a digital broadcast terminal, 
but may be displayed by calling a screen, if necessary, 
for instance, in such a case that a reception condition of 

5 a digital broadcast is deteriorated and this reception 
condition is wanted to be confirmed. Alternatively, this 
function display screen of the digital radio may be con- 
tinuously displayed. On the function display screen of 
Fig. 24, a bar graph 2601 , another bar graph 2602, and 

10 further, another bar graph 2603 are displayed. The bar 
graph 2601 shows a packet receiving condition of music 
data, and the like. Also, the bar graph 2602 shows a 
main buffer/sub-buffer switching condition capable of 
visibly indicating that the present music employs the 

15 main stream, orthe substream. The bar graph 2603 rep- 
resents a main buffer/sub-buffer packet condition indic- 
ative of data receiving conditions as to both the present- 
ly received main stream and the presently received sub- 
stream. 

20 [0076] In the case that the reception of the digital 
broadcast is interrupted, as indicated in Fig. 25, the re- 
ception condition graph 2601 of the music data indicates 
such a fact that a packet is dropped since an instanta- 
neous interruption happens to occur in such a way that 

25 a portion 2701 where data is interrupted is shown by 
changing the color of the bar graph. At the same time, 
while changing the color of the bar graph indicative of a 
portion 2702 in which the main stream is changed into 
the sub-stream, the data used for reproducing the music 

30 is switched from the main buffer to the sub-buffer. A dif- 
ference between the length of the portion indicative of 
the data reception condition and the length of the portion 
where the data of the stream switching graph is caused 
by that the bar graph 2601 indicates the time indication 

55 whereas the bar graph 2602 shows the packet number 
indication. Apparently, these lengths may be made co- 
incident with each other so as to be displayed. In this 
example, in the case that the digital broadcast is inter- 
rupted, the following fact may be understood that the 

40 buffer data contained in the main stream is lower than 
the normal data condition shown in Fig. 24, and further- 
more, the buffer amount of the sub-stream is also low- 
ered. However, sincethe data interpolation is carried out 
by employing the data of the sub-stream and by adjust- 

45 ing the timing, the music broadcast itself never be inter- 
rupted. When the data of the main stream is recovered, 
such a bar graph indicative of switching of the main 
stream/sub-stream is brought into such a condition that 
the main stream is reproduced, the data receiving oper- 

50 ation may be carried out under normal condition. 
[0077] In the above-explained embodiments, the re- 
ceiving terminals are directed to the employment of the 
ground wave digital broadcast. Alternatively, this ground 
wave digital broadcast may be replaced by such media 

55 as a satellite broadcast and a satellite communication, 
Since such media is employed, digital broadcast serv- 
ices without any interruptions may be provided over a 
wide range. 



12 



23 



EP 1 306 992 A2 



24 



[0078] Furthermore, as a modification of the above- 
described third embodiment, as represented in Fig. 20, 
similar to the second embodiment, while a data dropout 
due to an instantaneous interruption is detected by 
checking a discontinuity of values of "sequentiaLcoun- 5 
ter" contained in a TS packet, a shortage of data may 
be requested by way of a bidirectional communication 
established between the portable telephone 1810 and 
the contents distributing station. 
[0079] It should also be understood that in the above- to 
described embodiments, the instantaneous interruption 
of the digital broadcasting waves is judged by employing 
both the strengths of the electromagnetic waves (field 
strengths) and also the continuity of the transport 
stream. As other judgement indexes, the following in- '5 
dexes may be employed, namely, a quantizing scale er- 
ror in the case that decoded voice/image are repro- 
duced; a total number of not-existing error data which 
are produced during decoding operation; a macroblock 
number except for a determined value; a total number 20 
of incompleted decoding operations for 1 frame within 
a preselected time duration; and a parity check of a bit 
stream. 

[0080] It should be further understood by those skilled 
in the art that the foregoing description has been made 25 
on embodiments of the invention and that various 
changes and modifications may be made in the inven- 
tion without departing from the spirit of the invention and 
the scope of the appended claims. 
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Claims 

1 . A digital broadcast receiving method used in a dig- 
ital broadcast receiving terminal (201) for receiving 
a digital broadcasting electromagnetic wave trans- 
mitted from a data broadcast transmitting station 
(120) and for outputting desirable data, 

including a digital broadcast interpolating 
method comprising: 

a process step (1 702 - 1 704) for predicting that 
a reception level of a digital broadcasting elec- 
tromagnetic wave becomes lower than, or 
equal to a predetermined value (1605); 
a process step for previously storing into the re- 
ceiving terminal, such data (3 1 2, 322) that a da- 
ta dropout of a digital broadcasting electromag- 
netic wave to be received is predicted based 
upon a result of said predicting process step; 
and 

a process step (1 307) for interpolating dropped 
data by using said previously stored data when 
the predicted data dropout happens to occur. 
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2. A digital broadcast receiving apparatus used in a 
digital broadcast receiving terminal (201 ) for receiv- 
ing a digital broadcasting electromagnetic wave 



55 



transmitted from a data broadcast transmitting sta- 
tion (120) and for outputting desirable data, 

said digital broadcast receiving apparatus 
comprising: 

an electromagnetic wave strength monitoring 
apparatus (1803) for measuring a reception 
level of a digital broadcasting electromagnetic 
wave so as to predict that said reception level 
becomes lower than, or equal to a predeter- 
mined value (1605); and 
a storage area for storing thereinto such data 
that a data dropout of a digital broadcasting 
electromagnetic wave to be received is predict- 
ed based upon a prediction result of said elec- 
tromagnetic wave strength monitoring appara- 
tus; wherein: 

when said predicted data dropout happens 
to occur, said dropped data is interpolated 
by using the data stored in said storage ar- 
ea. 

A digital broadcast transmitting system for transmit- 
ting contents data (150) as a data broadcast, 
wherein: 

broadcast data are constituted by a plurality of 
data packets; 

two sorts of data (411 , 412), the reproduction 
time instants of which are different from each 
other, and the bit rates of which are different 
from each other, are stored into the same data 
packet; and 

said digital broadcast transmitting system in- 
cludes a data encoder (1 807) for adding head- 
ers having a series of index numbers to the re- 
spective data packets in such a case that after 
contents to be transmitted are converted into 
digital data, said digital data are converted into 
said data packets transmitted as digital broad- 
cast. 

A digital broadcast receiving method according to 
claim 1, wherein: 

both a deterioration index of a data bit stream, 
which is represented by strong/weak levels of 
electromagnetic waves at either a peripheral 
position of the digital broadcast receiving termi- 
nal or a move prediction position of the digital 
broadcast receiving terminal, and also a drop- 
out of digital broadcast data during reception 
are predicted; said dropped data which is pre- 
dicted based upon said prediction result is pre- 
viously required to a transmission station; and 
desirable data of said receiving terminal is re- 
ceived from the transmission station in re- 
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sponse to said request. 

5. A digital broadcast receiving method as claimed in 
claim 4, wherein: 

5 

as a deterioration index of said data bit stream, 
at least one of the following indexes is em- 
ployed, namely, the strength of electromagnetic 
waves in the receiving terminal, a discontinuity 
of transport stream packets, a quantizing scale 10 
error in the case that decoded voice/image are 
reproduced, a total number of not-existing error 
data which are produced during decoding op- 
eration, a macroblock number except for a de- 
termined value, a total number of incompleted *5 
decoding operations for 1 frame within a prese- 
lected time duration, and a parity check of a bit 
stream. 

6. A digital broadcast receiving method in which a dig- 20 
ital broadcast wave is received which is broadcast- 
ed by adding data heads exclusively allocated so 

as to prepare a dropout of a bit stream to same con- 
tents having an arbitrary sort of data qualities, the 
received data is temporarily stored in a storage ap- 25 
paratus, and desirable data is outputted which is de- 
rived from either said storage apparatus or the re- 
ceived electromagnetic waves, wherein: 

at the receiving terminal of said digital broad- 30 
cast, both a deterioration index of a data bit 
stream, which is represented by strong/weak 
levels of electromagnetic waves at either a pe- 
ripheral position of the digital broadcast receiv- 
ing terminal or a move prediction position of the 35 
digital broadcast receiving terminal, and also a 
dropout of digital broadcast data (312) during 
reception are predicted; 
in the case that an occurrence of a dropout of 
said data bit stream is predicted based upon a 40 
result of said prediction, if the relevant data is 
present in the data (322) which have been tem- 
porarily stored in said storage apparatus, then 
said relevant data is previously stored into a 
cache, whereas if the data dropout actually oc- 4$ 
curs, then the dropped data is interpolated by 
using said data stored in the cache. 

7. A digital broadcast receiving method as claimed in 
claim 6, wherein: so 

as a deterioration index of said data bit stream, 
at least one of the following indexes is em- 
ployed, namely, a strength of electromagnetic 
waves in the receiving terminal, a discontinuity 55 
of transport stream packets, a quantizing scale 
error in the case that decoded voice/image are 
reproduced, a total number of not-existing error 



data which are produced during decoding op- 
eration, a macroblock number except for a de- 
termined value, and a parity check of a bit 
stream. 

8. A digital broadcast receiving method as claimed in 
claim 6, wherein : 

in the case that said dropout-predicted data is 
not present in the data temporarily stored in 
said storage apparatus, said dropout-predicted 
data is requested for a transmission station, 
and data transmitted from said transmission 
station is temporarily stored into the storage ap- 
paratus. 

9. A digital broadcast receiving method as claimed in 
claim 8, wherein: 

as a deterioration index of said data bit stream, 
at least one of the following indexes is em- 
ployed, namely, the strength of electromagnetic 
waves in the receiving terminal, a discontinuity 
of transport stream packets, a quantizing scale 
error in the case that decoded voice/image are 
reproduced a macroblock number except for a 
determined value and a parity check of a bit 
stream. 
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